Background: Distinguishing endocervical adenocarcinoma (ECA) from endometrial mucinous adenocarcinoma (EMMA) is clinically significant in view of the differences in their management and prognosis. In this study, we used a panel of tumor markers to determine their ability to distinguish between primary endocervical adenocarcinoma and primary endometrial mucinous adenocarcinoma.
Background
Distinguishing endocervical adenocarcinoma from its endometrial counterpart is clinically significant in view of their differences in management and prognosis. While the treatment of endometrial carcinoma starts with surgical staging and intraoperative assessment of the grade and extent of tumor in the uterus, primary endocervical carcinoma is treated by an initial radical hysterectomy and pelvic lymphadenectomy with or without adjuvant radiation [1, 2] .
Morphologic distinction of the two gynecologic neoplasms can be difficult when the tumor involves the lower uterine segment or upper endocervix, when the adenocarcinoma is present in both components of a fractional dilation and curettage (D&C) specimen, or when there is no in-situ component, cervical glandular intraepithelial (CGIN), cervical intraepithelial neoplasia (CIN), or endometrial hyperplasia [3, 4] . This distinction could be even more difficult in the mucinous subtype in which stroma is absent, one of the features that suggests an endometrial origin. Several studies have reported the use of immunohistochemical analysis with monoclonal antibodies to distinguish between adenocarcinomas of endometrial and endocervical origin [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Mucins are high-molecular-weight (>200 kDa) glycoproteins with oligosaccharides attached to an apomucin protein backbone (core peptide) by O-glycosidic linkage [18, 19] . They are mainly synthesized by epithelial cells and can be classified as secretory (gel-forming) and membrane-associated forms. MUC1 is a transmembrane protein with a large extracellular tandem repeat domain and can be found on the apical surface of almost all glandular and ductal epithelial cells. There are also soluble, secreted forms of MUC1 mucin, generated by proteolysis and/or alternative mRNA splicing [20] . Aberrant de novo expression, overexpression, or altered glycosylation of MUC1 has been demonstrated in several human malignancies [21] . Though the physiological role of MUC1 in the female genital tract and its expression in endometrial hyperplasia and carcinoma have been investigated [22] [23] [24] [25] [26] [27] [28] , the utility of MUC1 in differential diagnosis of endocervical adenocarcinoma and endometrial mucinous adenocarcinoma has been little explored.
The objectives of this study were to evaluate a panel of monoclonal antibodies (MUC1, p16, ER, PR, and vimentin), and assess their diagnostic value in distinguishing between primary endocervical adenocarcinoma (ECA), and primary endometrial mucinous adenocarcinoma (EMMA).
Methods

Cases
Formalin-fixed, paraffin-embedded tissue blocks containing mucinous adenocarcinomas of known origin, endocervix, and endometrium were obtained from the surgical pathology files at Roswell Park Cancer Institute, Buffalo, New York. Only primary endocervical and endometrial adenocarcinomas from hysterectomy or conization specimens with negative hysteroscopy were included in this study. Small biopsy specimens were excluded from the study. There were 18 endometrial mucinous adenocarcinoma, and 14 endocervical adenocarcinomas of "typical" type, showing endometrioid and mucinous features.
Immunohistochemical staining
Using the avidin-biotin complex technique, slides were stained with the following monoclonal antibodies whose main characteristics are summarized in Table 1 .
Monoclonal antibody Ma695 (purchased from Novocastra, Newcastle, UK) recognizes a sialylated carbohydrate antigen on MUC1 mucin [29] . For MUC1 staining, Ma695 was used at a 1:100 dilution with high temperature unmasking technique, with colonic mucosa as a positive control. Staining for p16 used antibody E6H4 (DAKO, Carpinteria, CA) at 1:25 dilution, with TRS retrieval and high grade squamous dysplasia as a positive control. Staining conditions for vimentin, estrogen receptor (ER), and progesterone receptor (PR) are summarized in Table  1 . Appropriate positive and negative controls were performed.
Scoring of immunostaining
Due to the heterogeneity of Immunostaining, two blocks from each case were stained and scored combined. The immunoreactive score for MUC1 was the sum-total of the percentage of each staining pattern, "purely apical", or [30] 
Statistical analysis
Descriptive analysis was performed to evaluate the frequencies and distributions of the analytic variables. Given the fact that most of the variables were not normally distributed, we applied Mann-Whitney U-test, a nonparametric analysis technique, to examine the median difference of each immunohistochemical biomarker between patients with endocervical and endometrial mucinous tumors. We also used Chi-square to test the difference of each immunohistochemical biomarker between these two groups of patients where the biomarker was classified as positive or negative for each patient. Medians, ranges of values, and p values were reported. All tests were 2-sided and the significance level was 0.05. All analyses were performed using SPSS statistical software (SPSS, Inc., Chicago, IL).
Results
MUC1 had two different expression patterns, "purely apical", similar to that in normal endometrium (Fig. 1A, 1B) , and combined A/C, as seen in normal endocervical glands (Fig. 1C, 1D ). Apical staining was recorded, when distinct membranous staining facing the lumen was present. Cytoplasmic staining was considered present when complete circumferential cytoplasmic staining including the subnuclear area was evident. Table 2 shows the results of MUC1 staining. Apical and cytoplasmic MUC1 was seen in 14 of 18 cases (78%) of EMMA, but only 2 of 14 cases (14%) of ECA (p < 0.001). In EMMA, the median percentage of cells with apical and cytoplasmic MUC1 was 70% (range 0-100), while in ECA the median was 0% (range 0-80). Apical and cytoplasmic expression of MUC1 in EMMA is exemplified in Figure 2 . Purely apical MUC1, in contrast, was more common in ECA (8 of 14 = 57% of cases) than in EMMA (7 of 18 = 39% of cases). In ECA, the median percentage of cells with apical MUC1 was 35% (range 0-100), while in EMMA the median was 15% (range 0-90). Apical staining for MUC1 in ECA is illustrated in Figure 3 . The median percentage of cells negative for MUC1 was higher for ECA (35%, range 0-100) than for EMMA (0%, range 0-90). There was no correlation between presence of intracytoplasmic mucin and MUC1 staining pattern. In general, while EMMA showed an apical/cytoplasmic pattern, ECA was either negative or purely apical.
The results of expression of estrogen receptor, progesterone receptor, and vimentin are shown in Table 3 . Using >3 as a cutoff, ER was positive in 3 of 14 (21%) ECA, and 17 of 18 (94%) EMMA, (p < 0.001), with median and range of 0 (0-100), and 7.5 (2-12) respectively (p < 0.001). Progesterone receptor was positive in 3 of 14 (21%) ECA, and 16 of 18 (89%) EMMA, (p < 0.001), with median and range of 0 (0-12), and 9 (1-12) respectively, (p < 0.001). Endometrial adenocarcinoma had positive staining for ER and PR far more than ECA. No statistically significant correlation was seen between any variable of MUC1 and ER or PR.
A cutoff >1, weak staining in 1-10% of the cells, was used to evaluate the results of vimentin. Vimentin was positive in 1 of 14 (7%) ECA, and 9 of 18 (50%) EMMA, (p = 0.01), with median and range of 0 (0-2), and 1.5 (0-9) respectively, (p = 0.002). Using higher cutoff, vimentin lost its significant value in distinguishing between ECA and EMMA. Table 4 shows the results of p16. In most cases, p16 staining was of both nuclear and cytoplasmic staining pattern. Using >50% as a cutoff, p16 was positive in 10 of 14 (71%) ECA, and 4 of 18 (22%) EMMA, (p = 0.005), with median and range of 85 (0-100), and 30 (0-100) respectively (p = 0.007). In general, p16 was diffuse in ECA and patchy in EMMA.
Discussion
The results of this study suggested that a panel of monoclonal antibodies directed against MUC1, p16, ER, PR, and vimentin helped distinguish between primary ECA and primary EMMA. While primary ECA showed diffusely positive p16, negative or apical MUC1, and negative ER/ PR, and vimentin, primary EMMA revealed either negative 
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or focally positive p16, A/C MUC1, and positive ER/PR, and vimentin. Due to the difficulties in distinguishing the primary site of the tumor using H&E alone, and since preoperative assessing of D&C specimen is crucial in planning the patient management, this panel could be helpful in such cases.
MUC1 (Ma695) has been studied in normal cycling endometrium. It was consistently expressed in the normal endometrium, following a cyclical pattern: "apical membrane staining" in early and mid-proliferative endometrium; "purely cytoplasmic staining" in late proliferative endometrium; and "cytoplasmic staining with intraluminal secretions" in secretory endometrium [22] . It has been suggested that mucin was hormonally regulated. It was expressed with increased abundance in the secretory phase of the menstrual cycle in rabbits, revealing an upregulation function for progesterone [28] . Staining of MUC1 by Ma695 in postmenopausal endometrium has not been explored. We found that MUC1 expression in normal postmenopausal endometrium was either negative or apical. Absence of cytoplasmic expression could be explained by below-threshold progesterone level in this population group.
MUC1 expression was tested in endometrial carcinomas. They were of "purely apical pattern", "purely cytoplasmic pattern" or negative. Apical MUC1 positivity was statistically more frequent in endometrioid carcinomas compared with carcinomas of non-endometrioid type [22] . In our study, mucinous adenocarcinoma was the only subtype studied. This may at least in part explain why most cases had A/C staining.
While upregulation of progesterone increased cytoplasmic expression of MUC1 in normal cycling endometrium [28] , negative MUC1 was significantly related to PR expression and marginally correlated with loss of ER in endometrial adenocarcinoma (EMA) [22] . In our study, there was no correlation between any of MUC1 variables and ER or PR. The small number of cases, case selection being all of mucinous subtype, or both could explain these results.
MUC1 expression in the non-neoplastic cervical epithelium has been studied. It was unaffected by ovarian steroids, confirming tissue-specific regulation of MUC1 in the lower reproductive tract [28] . However, this notion has not been tested in endocervical adenocarcinoma. In our study, normal endocervical glands predominantly expressed A/C MUC1, while the majority of ECAs were either negative or apical. In ECA, no statistically significant correlation between any variable of MUC1 and ER or PR was seen. While two cases had diffuse A/C MUC1, none had ER or PR expression. We concluded that cytoplasmic expression of MUC1 in ECA was unlikely affected by hormonal expression in these neoplasms. However, due to the limited number of cases, more studies with larger number of cases are required to confirm this assumption.
p16, cyclin-dependent kinase-4 inhibitor (CDK4-I), is the product of the ink 4a gene and specifically binds to cyclin D-cdk4/6 complexes to control the cell cycle at the G1-S interphase. Expression of p16 has been shown in preinvasive, high-grade, cervical squamous lesions and in lowgrade lesions associated with high-risk human papillomavirus (HPV) types [31] [32] [33] [34] . p16 overexpression in HPVassociated lesions is probably caused by inactivation of the retinoblastoma protein, Rb, by the E7 HPV oncoprotein, which acts as a p16 transcript repressor [35] .
Positive p16 staining of cervical adenocarcinoma in situ and adenocarcinoma has been noted [31] [32] [33] [34] 36] . It has been used to distinguish between ECA and endometrial adenocarcinoma. In these studies, p16 was diffusely positive in ECA and negative or focally positive in EMA. However, few ECAs were negative, and few EMAs were diffusely positive [16, 17] .
Although McCluggage et al. [16] studied p16 expression in endometrioid endometrial adenocarcinoma, and we stud- ied mucinous adenocarcinoma, diffuse p16 (>50%) was seen in 28% and 22% of respectively. We concluded that regardless of tumor type, p16 could be diffusely expressed in a relatively small percentage of EMAs.
It was unclear why diffuse p16 expression was present in EMMA. One possibility was that p16 positivity was a result of HPV-independent mechanisms. This theory was supported by Ansari-Lari et al. [17] , who tested HPV in situ hybridization and p16 immunostaining in 24 EMAs. They found that while HPV was not detected in any EMA, moderate or strong p16 staining in = 50% of tumor cells was seen in 25% of the cases. Previous studies, however, have identified HPV subtypes in a minority of endometrial adenocarcinomas [37] [38] [39] . Patchy p16 positivity may be associated with infection by low risk HPV subtypes, because this pattern of staining may be found in lowgrade squamous intraepithelial lesions associated with low-risk HPV subtypes.
We found, as others did [16] , that few ECAs were completely negative (n = 2), and (n = 1) respectively. The reasons for these results were also unclear. It was either due to technical failure or as a result of HPV-independent mechanisms [16] . In another study, HPV DNA was detected in 14 of 18 positive ECAs, and p16 was diffusely expressed in all ECAs [17] . The authors concluded that negative HPV DNA detection was due to technical failure of the in situ hybridization and PCR reaction.
Reviewing the comprehensive immunoprofile of the 32 cases showed that two or more "aberrant" antibody expressions of ER, PR, vimentin, and p16 were seen in three ECAs (#5, 6, and 8), and one EMMA (#22) Table 5 . ER+/ PR+ immunoprofile was seen in case#5. A hysterectomy specimen was examined. A primary endocervical adenocarcinoma with no endometrial involvement was seen. ER+/PR+ and focal p16 immunoprofile was seen in case #6. It was a mucinous adenocarcinoma involving an endocervical polyp. No endometrial involvement was present in hysteroscopy. A PR+/p16-immunoprofile was seen in case #8. A hysterectomy specimen was examined revealing an endocervical adenocarcinoma with no endometrial involvement. The immnoprofile of these cases was not consistent with either ECA or EMMA, however, cytoplasmic expression of MUC1 (0, 20, and 0 respectively) was consistent with ECA. In case #23 (EMMA), "aberrant" negative vimentin and PR expression was seen. A hysterectomy specimen examination revealed EMMA with no endocervical involvement. Cytoplasmic MUC1 was present in 80% of the tumor cells, which made the tumor more consistent with endometrial primary.
A recent study investigated whether the immunophenotype of mucinous carcinoma of the endometrium and endometrioid carcinoma of the cervix was more dependent on the site of origin or the differentiation of the neoplasm [3] . It has been found that ER (clone CC4-5) staining was more dependent on the site of origin, being more common in endometrial than endocervical carcinoma, whereas vimentin positivity is more dependent on the pattern of differentiation, being more common in endometrioid than mucinous neoplasms. They concluded that if a tumor exhibited strong positive staining with vimentin and ER, it was almost certainly of endometrial origin. In our study, mucinous type of endometrial carcinoma was studied. This may explain the weak vimentin positivity. Estrogen receptor and PR had a very good value in distinguishing between primary ECA and primary EMMA.
Conclusion
Although several groups have investigated the use of immunohistochemical markers to distinguish between endocervical and endometrial adenocarcinoma, the findings were inconclusive and sometimes conflicting. The reasons behind these variable results may be multifactoral, including differences in clones or retrieval processes used; difference in the selected cases for example mucinous versus endometrioid adenocarcinoma; or the small size of tested specimens. In our study, mucinous subtype of endometrial carcinoma was studied; all small biopsies were excluded; the tumor origin was surgically verified by examining the gross specimen; new antibody (MUC1); and new monoclonal antibody clones for ER and PR were used.
For practical purposes, if two or more immunostains have to be combined, any two markers could be significantly useful in distinguishing ECA from EMMA. However, combining MUC1 with p63, ER, PR, or both ER/PR could give the best results as illustrated in Table 6 .
We found that a panel of immunohistochemical markers consisting of ER, PR, p16, and MUC1 reliably distinguishes between primary ECA and primary EMMA. Vimentin could be added to this panel when relatively 
